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COMPARISON OF VOLATILE ORGANIC COMPOUND PROFILES 
 
OF VARIOUS SOURCES OF DECOMPOSITION 
 
SKYE LAVIGNE 
 
ABSTRACT 
The ability to locate human remains, specifically in a forensic setting, is crucial to 
investigations. Research in the past two decades has identified volatile organic 
compounds (VOCs) as the source of the decomposition odor. The study examined the 
headspace (area directly above) of decomposing remains, Sigma-Aldrich (St. Louis, MO) 
Pseudo Corpse Scents (formulations one and two), cadaveric blood, and decompositional 
fluid for target VOCs to which human remains detection (HRD) dogs could indicate. 
These samples were tested using solid-phase microextraction (SPME) and a gas 
chromatograph-mass spectrometer (GC/MS) for the exact odor profile and compared to 
literature about VOCs present in decomposition. The author hypothesized that a series of 
seven target chemical compounds (carbon disulfide, hexanal, nonanal, dimethyl sulfide, 
dimethyl disulfide, styrene, and benzoic acid methyl ester) would be present when the 
headspace of all samples tested. Ideally, a synthetic compound that will better mimic 
human decomposition odor profile can be created to aid in the training of HRD dogs. 
There are some disadvantages to using dogs in the field, and the lack of standardization 
when training HRD dogs is a major one. By examining VOC profiles of different sources 
of decomposition, a core set of VOCs of human decomposition may be identified to aid 
in the standardization of training. Of the eight target compounds chosen from the 
literature, only two were found in any samples tested for this experiment, hexanal and 
		 vii 
nonanal found in pig heart, deer liver, as well as human muscle and epidermis. Acetic 
acid was identified in every sample with the exception of the control. Also, in accordance 
with the literature, putrescine and cadaverine were not found in any of the samples.  
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INTRODUCTION 
Introduction 
Human Remains Detection Dogs 
Human remains detection (HRD) dogs (Canis familiaris), also referred to as 
cadaver dogs or working air scent dogs, are canines that are specially trained to detect 
human decomposition odor (Rebmann et al. 2000). The specialty developed from the 
search and recovery discipline (Degreef et al. 2011). They are considered a largely non-
invasive method for searching for human remains that may or may not be concealed in 
various environments (Forbes et al. 2016). They are trained to locate bodies, body parts, 
tissue, blood, bone, and decompositional fluid (Degreef and Furton 2011). They are often 
opted for over other technology due to their ability to search large areas rapidly and track 
odors to their source as machines lack the sophistication necessary for such discretion 
(Armstrong et al. 2016).  
When an odor is detected, the HRD dogs are trained to indicate to their handlers 
the location by alerting in a specific manner. There are three classifications of indications 
that are also known as operant trained responses: aggressive, nonaggressive, and complex 
(Mesloh et al. 2002; Lit et al. 2011).  Aggressive indications are characterized by digging 
or scratching, sometimes biting at the source of the scent, whereas a nonaggressive 
indication is sitting or lying down, and a complex indication is a combination of the two, 
which can include both sitting and barking (Leitch et al. 2013; Mesloh et al. 2002). At a 
crime scene, a nonaggressive alert is ideal as the main concern for law enforcement is 
keeping the scene intact and the evidence in place (Lasseter et al. 2003).  
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HRD dogs are utilized by law enforcement because of their agility, their ability to 
search large areas quickly, to discriminate between target and non-target odors, and their 
scent-to-source capabilities. These capabilities allow HRD dogs to trace the location of 
the highest concentration of odor (Leitch et al. 2013). Scent-to-source, or scent cone, are 
utilized by canines when searching for target odors (Mesloh et al. 2002; Lasseter et al. 
2003; Rebmann et al. 2000). An example of a scent cone is when molecules comprising 
the scent are released from a decomposing human body (Figure 1).  
 
Figure 1. The scent cone of human decomposition. 
 
Closer to the source, the concentration of odor molecules being released will create a 
scent pool and as the air is moved, molecules of the scent will be dispersed, forming the 
scent cone (Rebmann et al. 2000). The scent cone can be affected by things such as wind, 
water, temperature, and humidity (Lasseter et al 2003). Obstacles to the scent cone are 
known as scent barriers. When outside, these barriers are generally naturally occurring 
large objects such as trees that can cause the scent molecules to form a secondary scent 
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pool (Rebmann et al. 2000).  
The utilization of HRD dogs has increased since the 1970’s for the recovery of 
human remains, both decomposed and skeletonized, whether the remains are whole or 
dispersed by scavengers (Degreef and Furton 2011; Sorg et al. 1998).  If circumstances 
are favorable, canine’s sensitive olfaction has been shown to be able to detect human 
remains that have been buried and dead for up to twenty years (Rebmann et al. 2000). 
Although HRD dogs have the ability to detect buried remains, this skill is dependent on 
several variables, the most significant of which are the depth of the grave and soil 
permeability (Alexander et al. 2016; Forbes et al. 2016). They are also adept at finding 
fresh remains that may have been submerged or buried (Degreef and Furton 2011). 
Historically, dogs have been used for a variety of similar tasks and in recent years have 
been used to detect explosives, narcotics, currency, and many other illegal materials 
(Alexander et al. 2016; Riezzo et al. 2014, Stadler et al. 2012). While they can be trained 
to detect a wide range of materials, HRD dog scenting abilities can be affected by 
temperature, humidity, amount of scent, and wind (Mesloh et al. 2002). The best 
conditions for HRD dogs when searching for buried remains are loose soil, moist soil, 
cool temperatures, and a light breeze to move the scent around the area (Lasseter et al. 
2003). The worst conditions are hot and dry, no air movement, and if it raining or 
snowing, especially if it is precipitating heavily (Lasseter et al. 2003).  
Human Remains Detection dogs are trained by imprinting the odors of human 
decomposition on the dog’s olfactory senses. Handlers accomplish this by utilizing 
representative odors. In many cases, HRD dogs have been trained on decompositional 
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fluid, placenta, and cadaveric blood due to ethical constraints on human tissue (Rust et al. 
2016; personal communication).  They are also trained utilizing scents and odors that 
they may encounter in the field, but to which they are not to alert (Leitch et al. 
2013).  Many handlers train their dogs with what are known as synthetic training aids, or 
pseudo scents, that can be ordered through chemical companies such as Sigma Aldrich 
(Leitch et al. 2013). They utilize these synthetic scents because it may be illegal to 
possess or troublesome to gain access to human tissue in their jurisdiction (Rust et al. 
2016). 
 
Synthetic Training Aids or Pseudo Scents 
 
 Synthetic training aids are chemical compounds that are created to mimic the 
scent that a canine is being trained to detect (Tipple et al. 2014). This training could be 
utilized for many different scents such as drugs, explosives, and firearms (Tipple et al. 
2014). Sigma-Aldrich (St. Louis, MO) has three that are commercially available to 
handlers: Sigma Pseudo Corpse Scent, formulations one and two, as well as Pseudo 
Corpse Scent, Drowned Victim. Many handlers use a combination of training aids with 
pseudo scents with human bone, gauze soaked in decompositional fluid, blood, grave dirt, 
or material that has been in contact with the remains (DeGreef et al. 2012). There are 
strict limitations on the use of human tissue when training HRD dogs, these are due to 
both ethical and legal reasons (Stefanuto et al. 2015).  
HRD dogs have demonstrated high variability in their capability to detect human 
remains. This variability may be due to several different factors such as an unwillingness 
to work, illness, olfactory fatigue, environmental conditions, and hormonal changes 
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(DeGreef et al. 2012; Leitch et al. 2012; Mesloh et al. 2002). Also, if dogs are trained 
solely on synthetic training aids or pseudo scents, it has been demonstrated that some 
may not alert on human remains when they are encountered in the field (Hoffman et al. 
2009). Stadler et al. (2012) demonstrated that the pseudo scents used in the training of 
HRD dogs is an oversimplification of the decomposition odor. These pseudo scents have 
been shown to have only seven compounds in their makeup, and none of them have been 
linked specifically to the human decompositional odor profile (Stadler et al. 2012). This 
oversimplification is most likely the cause for HRD dogs not alerting to human remains 
(Rosier et al. 2012). Often found in pseudo scents are cadaverine and putrescine, which 
are two chemical compounds that are released from the breakdown of amino acids. 
However, these chemical compounds are not human specific and can in fact be found in 
all decaying organic matter (DeGreef et al. 2012).  
Hoffman et al. (2009) conducted a study of FBI searches for human remains that 
involved cadaver dogs. This study observed that of 11 searches with HRD dogs 
conducted over the course of one year, not one could attribute the discovery of human 
remains to the HRD dogs (Hoffman et al. 2009). Lasseter et al. (2003) conducted a study 
where four HRD dog teams ran a total of five trials and observed that the dogs did not 
indicate on 50% of the tests. Ultimately, the goal for the present experiment is to better 
understand the VOC profile to which HRD dogs will potentially indicate. Thus helping 
create a synthetic compound that better mimics human decomposition on which the HRD 
dogs can train will help eliminate confusion created during training and imprinting on 
scents that will not be associated with the odor profile produced. 
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 An effective synthetic training aid (or mimic) should accurately represent the odor 
profile of human decomposition. As has been shown in many studies, depending on the 
length of decomposition, the VOC profile of human decomposition could be different, 
and the type of tissue decomposing (lung, heart, liver, muscle, epidermis, etc.) (Cablk et 
al. 2012; Hoffman et al. 2009; Kasper et al. 2012; Vass et al. 2004; Vass et al. 2008), 
thus the mimic should reflect these possibly different profiles. Also, these synthetic 
compounds should have the ability to be deployed under many different conditions, be 
stable, and be detectable by canines (Tipple et al. 2014).  
Decomposition 
Thanatochemistry, or the decomposition of organic matter, is a complex process 
(Stefanuto et al. 2015). It is through decomposition that VOCs are produced, mainly by 
microbial agents that breakdown the macromolecules of the human body, which causes 
the release what is known as the odor of death (Forbes and Perrault 2014; Statheropoulos 
et al. 2007; Vass 2012). Approximately four minutes after death, human decomposition 
begins and follows similar pathways in all mammalian tissues (Degreef and Furton 2011; 
Dekeirsschieter et al. 2012; Vass et al. 2002).  
There are a myriad of concurrent processes that begin the breakdown of soft 
tissue of the human body. These processes include autolysis, which is the self-eating of 
the cells of the body, proteolysis, and deamination. As soon as the heart ceases beating 
and blood is no longer being pumped through the body, oxygen deprivation occurs which 
causes a cascade effect that poisons the cells, raises CO2 levels, and lowers pH (Degreef 
and Furton 2011). At the same time, enzymes begin to rupture the cells and dissolve them 
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from the inside out.  
Directly following autolysis, an anaerobic breakdown of the macromolecules of 
which the human body is composed commences. The breakdown of these lipids, 
carbohydrates, nucleic acids, and proteins is initiated by bacteria already housed in the 
digestive tract and respiratory system (Degreef and Furton 2011). When lipids are broken 
down, nitrogen and phosphorous compounds are produced (Statheropoulos et al. 2005). 
Proteins will undergo proteolysis and are denatured into their component amino acids 
(Degreef and Furton 2011; Statheropoulos et al. 2005). Amino acids will undergo 
deamination, and carbohydrates will be broken down into oxygenated compounds such as 
alcohols, aldehydes, ketones, acids, esters, and ethers (Armstrong et al. 2016; 
Statheropoulos et al. 2005).  
The time frame for the process of decomposition is dependent on the environment 
in which the remains are located and can be altered by a number of things such as 
precipitation, temperature, humidity, and the presence of oxygen (Vass 2011). 
Temperature is often related to seasonal changes, but can also be affected by altitude, 
latitude, burial depth, presence of water, air movement, vegetation, wrappings, or 
clothing (Vass 2011). An above ground burial (or one that is less than two feet deep) is 
known to cause faster decomposition due to exposure to the elements as well as being an 
aerobic environment (Statheropoulos et al. 2005; Vass 2012). Dekeirsschieter et al. 
(2009) demonstrated that urban environments can also cause an increase in 
decompositional speed when compared to rural environments, especially in regards to 
temperature. When compared, Dekeirsscheiter et al. (2009) also showed that a forest, 
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agricultural, and urban biotope can have different rates of decomposition.  
There are five generally accepted stages of decomposition: fresh, bloat, active 
decay, advanced decay, and dried remains (Dekeirsschieter et al. 2009) Putrefaction, 
which is part of the active decay stage, is the destruction of soft tissue. This is 
accomplished by microorganisms such as bacteria, and results in the catabolism of tissue 
into gases, liquids and simple molecules. As the body is broken down into its building 
blocks, the expected products of decomposition are simple sugars, aldehydes, ketones, 
amino acids, amines, phenolic compounds, nitrogenous bases, phosphates, fatty acids, 
glycerol, and sterols (Cablk et al. 2012; Statheropoulos et al. 2004, 2005, 2007; Vass, 
2012; Vass et al. 2002; Vass et al. 2008). During this complex process carbon dioxide 
(CO2), hydrogen sulfide (H2S), methane (CH4), Ammonium (NH3), sulfur dioxide (SO2), 
and hydrogen (H2) are released, and these gases will distend the tissues, also known as 
the bloat phase, until they rupture and are released from the decomposing human body 
either into the surrounding air or soil (Statheropoulos et al. 2005; Vass et al. 2002). Vass 
(2012) has demonstrated that fluorinated compounds are often found in association with 
early decomposition and that aldehydes are released during the late stages of 
decomposition. Most decompositional events will have compounds such as xylenes, 2-
butanone, acetone, dimethyl disulfide, hexane, pentane, toluene, chloroform, and carbon 
disulfide that can be found (Vass 2012).  
Pigs (Sus scrofa) are often utilized as proxies in research on human 
decomposition (Armstrong et al. 2016; Brasseur et al. 2012; Dekeirsschieter et al. 2005; 
Forbes and Perrault 2014; Forbes et al. 2014; Forbes et al. 2016; Perrault et al. 2015; 
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Rosier et al. 2015; Stefanuto et al. 2015). There have been comparisons between pig and 
human VOC profiles and it has been concluded that they have major compounds in 
common (Stefanuto et al. 2015). In this experiment, pig heart was utilized and compared 
to the data gathered from other literature. 
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METHODS (research-based)/PUBLISHED STUDIES (lit-based) 
Previous Research 
Volatile Organic Compounds (VOCs) 
Much research has been done on the VOCs that are released from the human body 
during decomposition and are attributed to the distinctive odor of decomposition 
(Brasseur et al. 2012; Cablk et al. 2012; Forbes and Perrault 2014; Forbes et al. 2016; 
Perrault et al. 2015; Rosier et al. 2015; Statheropoulos et al. 2005; Vass 2012; Vass et al. 
2002; Vass et al. 2004; Vass et al. 2008). Their release into the environment is due to 
their physicochemical properties, such as molecular weight, vapor pressure, and boiling 
point (Forbes and Perrault 2014). Over the past fifteen years, 478 different volatile 
organic compounds have been discovered and have been compiled into a database (Vass 
2008; Vass et al. 2004). Many of these were identified in or directly beneath burials of 
human remains. Forbes et al. (2016) noted that while 478 compounds have been 
identified, only 30 of those compounds were discovered at the soil surface, 24 of those 
compounds have been shown to dissipate after one year. 
These VOCs can be broken down into eight categories: cyclic hydrocarbons, non-
cyclic hydrocarbons, nitrogen compounds, oxygen compounds, acids/esters, halogen 
compounds, sulfur compounds, and other (Vass et al. 2004). The ‘other’ category may be 
associated with decomposition, but may also be the result of decaying vegetation. Many 
of these categories are associated with different types of body disposals; acids/esters are 
usually the first VOCs released from a shallow burial whereas halogen compounds are 
the first released with a deep burial (Vass et al. 2004). There are different factors that 
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could affect the release of VOCs from a body such as barometric pressure, partial 
pressure oxygen atmosphere, rainfall, soil binding, temperature levels, and pH (Vass et 
al. 2004). Vass et al. (2004) speculates that the partial pressure oxygen atmosphere of a 
deeper burial can cause different VOCs to be released at different rates. Barometric 
pressure can affect the release of VOCs, specifically in clandestine burials, in that high 
pressure will force the chemicals back while low pressure will draw them out (Vass 
2012).  
Cadaverine and putrescine (amines produced by the body during decomposition) 
are included in the synthetic HRD dogs’ training kits, but in most research on the VOC 
profile of human decomposition, these two compounds have not been identified (Brasseur 
et al., 2012; Dekeirsschieter et al. 2009). In a study by Stadler et al. (2012), cadaverine 
and putrescine were used in the pseudo corpse scent kits purchased by some handlers 
from Sigma-Aldrich (Milwaukee, WI). Both Rosier et al. (2012) and Stadler et al. (2015) 
have concluded that these scents are an oversimplification of the decomposition process 
and need adjustment. Statheropoulos et al. (2007) and Dekeirsschieter et al. (2009) also 
demonstrated that neither of these compounds that are relied upon heavily in training of 
HRD dogs (if human remains are impossible to use) are nowhere to be found in the VOC 
profile of decomposing remains, human or otherwise.  
 
VOCs and Gas Chromatography-Mass Spectrometry  
Often, the headspace of decomposing remains (the soil above or in a burial or the 
air above a surface burial) is analyzed utilizing gas chromatography/mass spectrometry 
(GC/MS) to identify the VOC profile as well as the frequency of the compounds 
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(Brasseur et al, 2012; Cablk et al. 2012; Degreef and Furton 2011; Dekeirsschieter et al. 
2009; Hoffman et al. 2009; Statheropoulos et al. 2005; Statheropoulos et al. 2007).  
There are several ways of examining the results from a GC/MS analysis. Cablk et 
al. (2012) utilized the analyses to demonstrate the percentage of each class of chemical 
compound within the VOC profiles of the samples examined in the study. Statheropoulos 
et al. (2007) also examined the resultant chromatographic peaks from the GC/MS and 
determined the substance gradient of each compound contained within the sample VOC 
profiles. Hoffman et al. (2009) demonstrated that 33 compounds within the VOC profile 
of the samples examined had frequency rates ranked low, medium, and high. Factors such 
as solubility, density, and molecular weight can affect whether the compounds are 
detected during analysis (Vass 2012).  
HRD Dogs and Decomposition 
One study analyzed HRD dogs and their ability to detect human remains in 
different types of soil (Alexander et al. 2016). It was shown that in both sandy (i.e., more 
aerated) and clayey soil, the dogs were able to accurately detect human remains 98.33% 
of the time. The only difference noticeable by the authors was the approach the canine 
used in searching for the source of the odor. When searching in more aerated soils, the 
canines took longer pinpointing the source, while in clayey soil, they searched in a grid 
format, but were able to find the source of the odor more rapidly (Alexander et al. 2016). 
This shows that in some cases, the type of soil does not affect the HRD dogs’ ability to 
detect human remains. However, when soil permeability is a problem, there is a method 
known as venting.   
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Venting is a process where a handler will vent the soil of a suspected burial site 
with a T-shaped probe. This probe is utilized to find disturbances in the soil and 
ultimately allow the release of trapped VOCs to the surface. Thirty minutes is allowed to 
elapse after probing to allow the scent to be released fully, then the dogs can then be 
allowed to search the area (Forbes et al. 2016). The invasive nature of this method means 
that it is rarely, if ever, used, especially in forensic cases.  
Riezzo et al. (2014) conducted a study that tested HRD dogs’ ability to detect 
cadaveric blood in a mimicked crime scene setting. The testing process showed that the 
dogs were able to detect cadaveric blood at low concentrations, even with confounding 
variables present. Ultimately, these two studies demonstrate that HRD dogs have viability 
within the realm of forensic cases and with a consistent training source could be a much 
more valuable tool than at present. 
Materials and Methods 
Two samples of human remains (epidermis of hand, smooth muscle tissue of 
hand) were utilized for this study, a sample each from Sigma-Aldrich’s Pseudo Corpse 
Scent formulation one and formulation two (formulation one used for early 
decomposition detection and formulation two used for late decomposition detection), 
tissue from deer (Odocoileus virginianis) liver and a pig (Sus scrofa) heart, cadaveric 
blood and decompositional fluid was utilized as well. Throughout the study, all samples 
were left at ambient temperatures. Mammalian tissues were decomposed for a year before 
testing. These samples were left in cans in an outdoor garage where they were exposed to 
the fluctuating temperatures of a Massachusetts summer, fall, winter, and spring. This 
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was done to better mimic the conditions a decomposing body maybe discovered. An 
empty vial was used as a control. Using latex gloves, the samples were placed into 15 mL 
glass vials with open-top black polypropylene closures and PTFE-faced silicone septa 
directly before testing.  
 The headspace of each sample was tested utilizing SUPELCO solid-phase micro 
extraction (SPME) fibers (Sigma-Aldrich, St. Louis, MO). These fibers were chosen due 
to their ability to absorb analytes from the headspace of a sample, the amount of which 
depends on the thickness of the polymer coating (Sigma-Aldrich 1998; Sigma-Aldrich 
1999; Words 1998). A thicker polymer coating will allow for more of the analyte to be 
absorbed. The polarity and thickness of the fiber, which allows for a choice between 
specific or broad absorption, allows for consistent sampling over time (Miller 2015). The 
fiber itself is made of a fused silica that is then coated with a specific polymer (Sigma-
Aldrich 1998). The plunger is stainless steel, the strength of which allows the fiber to 
move through the septa of vials and be exposed to the headspace (Sigma-Aldrich 1998). 
The SPME fiber has a limit of detection in the parts per trillion (ppt) range (Sigma-
Aldrich 1998). The single phase fiber is approximately one centimeter long and is coated 
with a polymer known as Divinylbenzene/Polymethylsiloxane (DVB/PDMS) and is 65 
µm thick.  
The protocol utilized for this study was developed by Erin Miller, M.S. for testing 
the headspace of tissue (Table 1) (Miller 2015). Before the use of each SPME fiber, it 
was injected into the injector port of the GC/MS and left for 30 minutes to condition the 
fiber for use. The SPME injector was held in place with a ring stand above the vial. The 
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injector was pushed through the septum and the fiber exposed. The fiber was exposed to 
the headspace of each sample for 40 minutes for the extraction of VOCs. The fiber was 
then manually injected into the injection port of the GC/MS and left there for the entire 
run of 30 minutes with no solvent delay. The resulting chromatograms were examined 
utilizing OpenChrom 1.2.0 Alder Community Edition (Lablicate, Hamburg, Germany 
2010) analyzation software and MS Search (v 2.2) for identification of peaks. 
 
Table 1. Gas Chromatography-Mass Spectrometry Method 
METHOD NAME IDV3 
INJECTION SOURCE Manual 
SPLIT/SPLITLESS Splitless 
INJECTION 
TEMPERATURE 
260 
PRESSURE 5.9818 
FLOW (CONSTANT) 0.92726 mL/min 
OVEN RAMP 35°C hold for 4.5 minutes 
10°C/min to 240 hold for 4 minutes 
SOLVENT DELAY 6 minutes 
SCAN PARAMETERS 40-500 
TOTAL RUN TIME 30 minutes 
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Table 2. Gas Chromatograph Information 
Manufacturer Agilent 7890A 
Carrier Gas Helium 
Column J&W Scientific 
Column Length 15 m 
Column Internal Diameter 0.025 µm 
Column Film Thickness 0.25 µm 
Column Stationary Phase Diphenyl dimethyl polysiloxane 
 
Table 3. Mass Spectrometer Information 
Manufacturer and Model Agilent 5975C Inert CL EI/CI MSD 
Ion Source Type Electron Impact 
Ion Source Voltage 50 Hz 
Mass Analyzer Quadrupole 
Mode Scan 
Detector  Electron Multiplier 
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RESULTS 
 
 
Table 4. VOCs Present in Tested Samples 
Sample Carbon disulfide Hexanal Nonanal 
Dimethyl 
sulfide 
Dimethyl 
disulfide Styrene 
Benzoic 
acid 
methyl 
ester 
Abdominal 
Fluid        
Cadaveric 
Blood        
Chest Fluid        
Epidermis  Ö Ö     
Muscle  Ö Ö     
Deer Liver  Ö Ö     
Pig Heart  Ö Ö     
Formulation 1        
Formulation 2        
Blank        
 
 
 
 
Figure 2. Chromatogram for Abdominal Fluid. 
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Figure 3. Chromatogram for Cadaveric Blood. 
 
Figure 4. Chromatogram for Chest Fluid 
 
 
 
Figure 5. Chromatogram for Formulation 1 of Sigma-Aldrich Pseudo Corpse Scent. 
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Figure 6. Chromatogram for Formulation 2 of Sigma-Aldrich Pseudo Corpse Scent 
 
 
 
Figure 7. Chromatogram for Deer Liver 
 
 
 
Figure 8. Chromatogram for Epidermis. 
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Figure 9. Chromatogram for Muscle 
 
 
 
Figure 10. Chromatogram for Pig Heart 
 
 
 
Figure 11. Chromatogram for Blank Vial 
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Table 5. Major peaks, Retention Time, and Abundance 
Sample Peak Retention Time (min) Abundance 
Abdominal Fluid 2,4-Dithiapentane 3.670 3.7E6 
Abdominal Fluid Phenol 7.223 1.4E7 
Abdominal Fluid p-cresol 8.891 6.7E6 
Abdominal Fluid Indole 12.312 2.2E7 
Chest Fluid Silanediol, dimethyl 0.649 1.6E5 
Chest Fluid 3-octenol 6.669 4.4E5 
Chest Fluid Octanone 6.818 1.0E5 
Cadaveric Blood Ethanol 0.173 9.8E5 
Cadaveric Blood Benzene,2,4-diisocyanote-1-methyl 12.934 4.0E5 
Formulation 1 Diethyl phthalate 15.911 1.5E4 
Formulation 1 Octodrine 16.334 1.5E4 
Formulation 1 Caffeine 18.548 1.2E4 
Formulation 1 6-undecylamine 18.961 2.3E4 
Formulation 1 Squalene 27.386 1.3E4 
Deer Liver Acetic Acid 0.570 1.3E5 
Deer Liver Hexanal 1.867 1.0E5 
Deer Liver Nonanal 9.254 7.3E4 
Epidermis Acetic Acid 0.568 2.4E4 
Epidermis Acetamide, 2-fluoro 0.923 2.3E4 
Epidermis Hexanal 1.871 2.7E4 
Epidermis Hexanoic Acid 7.262 3.5E4 
Epidermis Nonanal 9.253 2.7E4 
Epidermis Naphthalene 12.033 5.5E4 
Muscle Hexanal 1.869 1.8E6 
Muscle Octanal 7.259 4.2E5 
Muscle Nonanal 9.259 6.4E5 
Pig Heart Acetic Acid 0.561 9.2E4 
Pig Heart Dimethylamine 1.858 1.5E5 
Pig Heart Nonanal 9.250 1.0E5 
Pig Heart benzene,2,4-diisocyanote-1-methyl 12.936 6.3E4 
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Table 6. Samples with Common VOCs 
VOC Samples 
Acetic Acid All but Control 
Squalene Abdominal Fluid, Chest Fluid, Formulation 1 
Acetamide, 2-fluro Chest Fluid, Formulation 1, Epidermis 
Heptanal Deer Liver, Epidermis, Muscle, Pig Heart 
Octanal Cadaveric Blood, Deer Liver, Muscle 
Naphthalene Deer Liver, Epidermis, Muscle, Formulation 2 
Octodrine Chest Fluid, Formulation 1 
Toluene Muscle, Deer Liver 
Benzaldehyde Muscle, Deer Liver 
Hexanoic Acid Cadaveric Blood, Epidermis, Muscle 
Decanal Deer Liver, Epidermis, Muscle 
Indole Abdominal Fluid, Muscle 
Nitrous Oxide Deer Liver, Epidermis 
Dodecane Abdominal Fluid, Cadaveric Blood, Chest Fluid 
Cyclobutanol Formulation 1, Deer Liver 
Hydroxy Urea Chest Fluid, Formulation 1 
Propanamide Chest Fluid, Formulation 1 
Silanediol Chest Fluid, Cadaveric Blood 
  
 
Table 7. Classification of Identified Compounds 
Aromatic Hydrocarbons 
Carboxylic Acids 
Alcohols 
Hydrocarbons 
Sulfides 
Esters 
Aldehydes 
Amines 
Phenols 
 
The chromatogram for Blank Vial, or the control (Figure 11), was utilized to 
eliminate peaks such as cyclotrixiloxane, hexamethyl, cyclotetrasiloxane, octamethyl, 
cyclopentasiloxane, decamethyl, and cycolyhexasiloxane, dodecamethyl as well as 6-
undecylamine as VOCs that are found from the glass vial. Each of these was found in 
some abundance in every chromatogram of the nine other samples.  
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DISCUSSION 
Examined in this study were two samples of human tissue, the epidermal layer 
and the smooth muscle tissue of a hand (obtained from Boston University), two samples 
of decompositional fluid (samples were obtained from the chest cavity and abdominal 
cavity of an individual at the Maine Office of the Chief Medical Examiner), cadaveric 
blood (obtained from an individual at the Maine Office of the Chief Medical Examiner), 
pig heart, and deer liver (both obtained from local Maine sources).  The pig heart, deer 
liver, epidermal and muscle tissue were decomposed for a year at ambient temperatures 
to better mimic actual decompositional conditions (however, all four samples had been 
previously frozen for an unspecified amount of time). The decompositional fluid and 
cadaveric blood were obtained in April 2018 and kept at ambient temperatures. The 
Pseudo Corpse Scents (Formulation 1 and 2) were ordered from Sigma-Aldrich and also 
kept at ambient temperatures.  
Overall, very few of the target compounds were present in the samples examined 
in any decent abundance (high peaks). In four of the ten samples (pig heart, deer liver, 
epidermis, and muscle) hexanal and nonanal were identified in the VOC profile. The 
samples, in which these VOCs were identified, were those that had been decomposing for 
approximately one year when the analysis was undertaken. It is likely that these two 
VOCs are common in the later stages of decomposition of mammalian tissue. Another 
possibility is that the target compounds detected were eliminated by the freezing process 
(specifically for mammalian tissue). It is a possibility that these compounds would not be 
present in the decompositional fluids and cadaveric blood, as it has been shown in 
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previous literature that there may be specificity in the tissue that releases some VOCs 
(Hoffman et al. 2009).  
 In all samples, with the exception of the control, acetic acid (a carboxylic acid) 
was found in some abundance. Acetic acid may in fact be a common VOC among all 
decomposition odor profiles, and was present in the samples that had been decomposed 
for approximately one year, samples that were only a month old, as well as the synthetic 
training aids. Several of the samples shared similar VOC odor profiles (Table 5), 
however acetic acid was the only VOC present in all samples.  
 Most of the target compounds were not identified in the chromatograms of the 
samples. However, when identified compounds were compared to the literature, many of 
those compounds were also found in the literature. Examples of these are dimethyl 
trisulfide, ethanol, p-xylene, and naphthalene found in Statheropoulos et al. 2007 and 
Miller 2015. Heptanal, octanal, and decanal were identified in these samples and found in 
Forbes et al. 2014. Acetic acid was identified in Stadler et al. (2013), Statheropoulous et 
al. (2011), and DeGreef et al. (2011) and identified in all samples in this experiment. 
While several were not found in the literature, many of these VOCs fall within the same 
classifications that are identified (Table 6).  
 As expected from the literature, cadaverine and putrescine were not identified in 
any of the mammalian tissues analyzed. However, these were also not identified in the 
two pseudo scents analyzed. Perhaps the creators of the pseudo scents had the literature 
published on the oversimplification of the odor of decomposition into account and 
responded accordingly.  
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 There were eight VOCs that were detected in human tissue and decompositional 
products that were not detected in animal decomposition: squalene, acetamide, 2-fluoro, 
octodrine, hexanoic acid, indole, dodecane, hydroxyl urea, and propanamide. It is 
possible that these are human specific VOCs that can be used to create a better pseudo 
scent.  Benzoic acid, methyl ester and styrene were chosen as a target VOCs from 
Degreef and Furton (2011) who found that these two VOCs were present in only human 
remains. However, they were not detected in the samples tested in this study.  
 Two VOCs, naphthalene and cyclobutanol, were found in Sigma-Aldrich’s 
Pseudo Corpse Scents formulation one and two as well as in deer liver. This could cause 
potential issues if HRD dogs training with the pseudo scents encounter decomposing deer 
tissue in the environment.  
There were peaks that were detected and identified in all samples that were found 
when the control was tested. An example of these was cyclotrisiloxane, hexamethyl and 
cyclotetrasiloxae, octamethyl. These compounds were attributed to the glass vials rather 
than the samples. Upon further research, it was found that siloxane is a functional group 
to organosilicon and might be associated with the septa of the vials (IUPAC 
Compendium of Chemical Terminology).  
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Literature Comparison 
 
Table 8. VOC Comparison Between Current Study and Past Literature 
VOC Lavigne Samples 
Degreef 
and 
Furton 
2011 
Hoffman 
et al. 
2009 
Perrault 
et al. 
2015 
Statheropoulos 
et al. 2005 
Vass 
et al. 
2008 
Vass 
et al. 
2012 
Carbon 
disulfide    Ö Ö Ö Ö 
Hexanal Ö Ö Ö  Ö  Ö 
Nonanal Ö Ö Ö   Ö Ö 
Dimethyl 
sulfide  Ö Ö Ö   Ö 
Dimethyl 
disulfide    Ö Ö Ö Ö 
Styrene  Ö    Ö Ö 
Benzoic 
acid 
methyl 
ester 
 Ö      
 
Table 8. VOC Comparison Between Current Study and Past Literature continued. 
VOC Dekeirsschieter et al. 2012 
Perrault et al. 
2014 
Kasper et al. 
2012 
Carbon disulfide    
Hexanal  Ö Ö 
Nonanal  Ö  
Dimethyl sulfide  Ö  
Dimethyl disulfide Ö Ö  
Styrene    
Benzoic acid methyl ester    
 
Future Research 
 
Future research may focus on identifying a core set of VOCs that are released during 
human decomposition. This set of VOCs can then be incorporated into all training aids 
for HRD dogs. However, to accomplish a core set of VOCs specific to human 
decomposition, the VOCs need to analyzed at all stages of decomposition and from all 
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tissues. These need to then be compared to the decomposition odor profile of different 
animals to isolate the core VOCs. This is a massive undertaking, but can be extremely 
useful not only for training aids for HRD dogs that are more specific, but for 
electrochemical sensors that can also be utilized in conditions that are not conducive to 
HRD dogs, or can be utilized when the dogs tire.  
Another direction future research may take is the effect that freezing has on tissue and 
the VOC odor profile that is released after the tissue is allowed to thaw and decompose. It 
could be that some VOCs are only released after freezing or that some are not released at 
all.  
 
Conclusion 
 
The results varied in this study. Through the analysis of the headspace of ten 
samples, the VOC odor profile was examined via GCMS, utilizing the method created by 
Erin Miller, M.S. Seven target VOCs were selected through a comparison of literature. 
Hexanal and nonanal were the only targeted compounds identified in four samples (Deer 
Liver, Pig Heart, Epidermis, and Muscle). While most of the target compounds were not 
identified in the samples examined, several of the compounds that were detected were 
identified in much of the previous literature. This experiment further solidifies the 
premise that there are VOCs in the odor profile of decomposition that are common 
throughout. Using this potential core set of VOCs, a more realistic mimic or synthetic 
training aid for the training of HRD dogs may be created.  
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